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@ A microcellular mobile radio communication sys- 
tem hias a central base station and a plurality of 
radio base stations interconnected by a sfiared op- 
tical fiber transmission line. In the central and radio 
base stations, electrical radio signals are frequency- 
converted to frequencies assigned to the radio base 
stations and then converted into optical signals. In 
the central base station, the optical signals are com- 
bined for transmission through the optical fiber trans- 
mission line to the radio base stations. Alternatively, 
the frequency-converted electrical radio signals may 
first be combined and then converted into an optical 
signal for transmission. In the radio base stations, 
the electrical radio signals are converted to optical 
signals, which are combined and transmitted through 
the transmission line to the central radio station. In 
each radio base station, the frequency of the radio 
signal extracted from the received combined signal 
is frequency-converted to a frequency to be trans- 
mitted from its antenna, with the other signals fil- 
tered out. The central base station demodulates the 
received combined signal from the radio base sta- 
tions into signals for the exchange office. The radio 
signals in different frequency bands assigned to 
each radio base station can simultaneously be trans- 
mitted through the shared optical fiber transmission 
lines between the radio and central base stations. 
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The present invention relates to a microcellular 
mobile radio communication system. 

A mobile communication system such as. for 
example, an automobile telephone system has ra- 
dio base stations which are composed of an an- 
tenna, an antenna duplexer, transmitter and re- 
ceiver devices for communication and control, a 
base station controller and other device, as shown 
in Rgure 11.14 on page 252, of AUTOMOBILE 
TELEPHONE edited by Moriji Kuwabara and pub- 
lished by the Institute of Electronics. Information 
and Communication Engineers. 

An automobile telephone system has its ser- 
vice area divided into a plurality of small zones or 
regions called microcells each having its own radio 
base station. A plurality of radio base stations in 
noncontiguous microcells can reuse the same radio 
frequencies without undue interference there- 
between, for effective utilization of limited frequen- 
cy resources. Such an automobile telephone sys- 
tem is referred to as a microcellular mobile radio 
communication system. In microcellular mobile ra- 
dio communication systems, it may become neces- 
sary for the radio base stations to be positioned in 
scattered locations, sometimes on street lampposts 
and utility poles, for example. 

Current radio base stations which include trans- 
mitter and receiver devices and a base station 
controller, among others, as described above, can- 
not satisfy the requirements for small size and high 
reliability which must be met when installed on 
street lampposts and utility poles. One proposed 
solution is to separate the transmitter and receiver 
devices and the base station controller from the 
antenna section in each radio base station, and to 
locate the transmitter and receiver devices and the 
base station controllers in a central base station, 
and the antenna sections in the radio base stations 
with the transmitter and receiver devices and the 
base station controllers being connected to the 
antenna sections through optical fibers (see. for 
example, OPTICAL FIBER TRANSMISSION OF RF 
SIGNAL FOR MICROCELLULAR MOBILE COM- 
MUNICATION SYSTEMS. SAT90-32, RCS90-12, 
by Shibutani et aL, Radio Communication System 
Research Group, the Institute of Electronics, In- 
formation and Communication Engineers). Accord- 
ing to the proposed system, since radio signals are 
transmitted through optical fibers from the central 
base station to the radio base stations, the radio 
base stations in each ceil can be reduced in size 
and cost, making it possible to realize a microcel- 
lular mobile communication system based on 
microcells. However, a microcellular mobile com- 
munication system employing optical fiber feeders 
normally requires that the central base station and 
each of the radio base stations be connected to 
each other by optical fibers. Therefore, as the 



microcells decrease in size and increase in num- 
ber, the number of optical fibers required becomes 
so enormous that sufficient optical fibers may not 
be available depending on the conditions in which 

5 optical fiber cables are actually installed. 

It is an object of the present invention to pro- 
vide a microcellular mobile radio communication 
system which has a central base station and a 
plurality of radio base stations, employing a single 

10 optical fiber for transmitting radio signals from the 
central base station to some of the radio base 
stations to solve the problem of insufficient optical 
fibers, and which permits effective utilization of 
optical fiber transmission lines even when the cen- 

75 tral base station is required to be connected to a 
very targe number of radio base stations due to an 
increase in the number of microcells. This system 
is also very economic and well adapted to a large 
service area. 

20 According to the present invention, there is 

provided a microcellular mobile radio communica- 
tion system for radio communications with a mobile 
unit, comprising: a plurality of radio base stations 
adapted to be allocated to each microcell, each of 

25 the radio base stations comprising an antenna for 
transmitting a radio signal to and receiving a radio 
signal from a mobile unit, first frequency converting 
means for converting the frequency of the radio 
signal received by the antenna to a predetermined 

30 frequency assigned to its own radio base station, 
electrical-to-optical transducer means for convert- 
ing the frequency-converted radio signal to an op- 
tical signal, and for transmitting the optical signal 
as an upstream optical signal, optical-to-electrical 

35 converter means for converting downstream optical 
signals of different frequency signals into electrical 
signals, and second frequency converting means 
for converting the frequency of one of the electrical 
signals which is destined for its own radio base 

40 Station to a frequency assigned to the mobile unit, 
and for transmitting the frequency-converted signal 
to the antenna: a central base station comprising 
optical-to-electrical converter means for converting 
the upstream optical signals from the electrical-to- 

45 optical converter means of the radio base stations 
into electrical signals, demodulating means for de- 
modulating said electrical signals into signals to be 
transmitted to an exchange office, frequency con- 
verting means for frequency-converting signals 

50 from the exchange office to separate electrical sig- 
nals having frequencies assigned to each radio 
base station, and electrical-to-optical transducer 
means for converting the frequency-converted 
electrical signals to separate optical signals, and for 

55 transmitting said optical signals as the downstream 
optical signals to the optical-to-electrical converter 
means of the radio base stations; and optical fiber 
transmission means connected between and 
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shared by the radio base stations and the central 
base station, for transmitting the upstream optical 
signals of each different frequency assigned sepa- 
rately to the radio base stations from the radio 
base stations to the central base station, and for 5 
transmitting the downstream optical signals of each 
different frequency assigned separately to the radio 
base stations from the central base station to the 
radio base stations. 

Generally, only limited frequency bands are 10 
available in a mobile communication service. For 
example, only about 20MHz bandwidth in the 800 
MHz band is allotted to analog automobile tele- 
phone systems currently in use. In a microcellular 
mobile radio communication system, frequencies 15 
are assigned to separate small zones or microcells 
so that the same frequency is reused in noncon- 
tiguous microcells with no interference there- 
between, and further very close frequencies are 
used in microcells that are positioned closely to 20 
each other. The central base station and the radio 
base stations of the microcellular mobile radio 
communication system are interconnected by op- 
tical fiber transmission lines for transmission of 
radio signals therebetween. If the central base sta- 25 
tion and the radio base stations were intercon- 
nected by separate optical fibers, then no problem ; 
will arise irrespective of which frequencies are used 
to transmit radio signals to and from the radio base 
stations. On the other hand, if a single optical fiber 30 
Is used to transmit radio signals to a plurality of 
radio base stations for efficient utilization of optical 
fibers, then it is necessary for each radio base 
station to extract the radio signal destined for itself 
from the frequency-multiplexed signal transmitted 35 
through the optical fiber. Since, however, the differ- 
ences between the frequencies assigned to the 
microcells are small, it is impossible to separate 
radio signals destined for different radio base sta- 
tions even with an electric filter. 4o 

With the arrangement of the present invention, 
although radio signals transmitted from and re- 
ceived by the antennas of the radio base stations 
are in the 800 MHz band, optical signals are trans- 
mitted in different frequencies assigned to the 45 
microcells through optical fibers. For example, 
when downstream radio signals are to be transmit- 
ted from the central base station to the radio base 
stations, the frequency converting means, i.e.. fre- 
quency converters of the central base station, 50 
frequency-convert the signals to frequencies as- 
signed to each of the radio base stations. Inasmuch 
as the frequency converters may be in the form of 
local oscillators for each radio base station, the 
central base station may be relatively small in 55 
scale. Consequently, the optical signals are trans- 
mitted in separate frequencies different from each 
other through an optical fiber which is shared by 



the radio base stations for which the signals are 
destined. In each of the radio base stations, the 
radio signal destined for Itself is frequency-con- 
verted into the 800 MHz band with an 800 MHz- 
bandpass filter, which effectively cuts off the sig- 
nals destined for the other radio base stations. 
Therefore, the antenna of each radio base station 
can transmit only the radio signal destined for 
itself. Similarly, upstream radio signals from the 
radio base stations can be transmitted in separate 
frequencies through an optical fiber to the central 
base station. 

Although the signals destined for each micro- 
cell are simultaneously received by each of the 
radio base stations, since the signals are transmit- 
ted in different frequencies assigned to each micro- 
cell through an optical fiber, the received signals 
are not subject to any substantial distortion due to 
the interaction of the carriers. 

The above and other objects, features and ad- 
vantages of the present invention will become ap- 
parent from the following description when taken in 
conjunction with the accompanying drawings which 
illustrate a preferred embodiment of the present 
invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the microcellular 
mobile radio communication system according 
to the present invention; and 
FIG. 2 is a block diagram of one radio base 
station of the microcellular mobile radio commu- 
nication system shown in FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Now, a preferred embodiment of the invention 
will be explained in detail referring to FIGs. 1 and 
2. 

As shown in FIG. 1. the microcellular mobile 
radio communication system comprises mobile unit 
1, a plurality of radio base stations 2 through 5, 
optical fiber transmission lines 11, 12, central base 
station 20, and exchange office 30. Mobile unit 1 
and exchange office 30 are of a general structure 
known to those skilled in the art. and hence will not 
be described in detail below. 

Central base station 20 has a plurality of trans- 
mitters 201. 202, 203, 204 for converting a down- 
stream signal from exchange office 30 into sepa- 
rate signals each in the 800 MHz band for small 
zones or microcells to which radio base stations 2, 
3, 4, 5. respectively, belong, a plurality of fre- 
quency converters 211, 212, 213, 214 for convert- 
ing the frequencies of output signals from transmit- 
ters 201 to 204 to frequencies using predetermined 
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different frequencies f1, f2. f3, f4, respectively, as- 
signed to the microcelis. and a plurality of 
electrical-to-optical converters 221, 222, 223. 224 
for converting frequency-converted signals from 
frequency converters 211 to 214 to optica! signals. 
Central base station 20 also has an optical-to- 
electrical converter 230 for converting upstreana 
optical signals fronrt radio base stations 2 to 5 into 
electrical signals, common amplifier 231 for am- 
plifying the output electrical signals from optical-to- 
electrical converter 230. and a plurality of de- 
modulators 241, 242, 243, 244 for demodulating 
amplified output signals from common amplifier 
231 into signals, belonging to each microcell, which 
are to be transmitted to exchange office 30. 

Radio base stations 2 to 5 are of an identical 
structure. As shown in FIG. 2, each of radio base 
stations 2 to 5 comprises optical-to-electrical con- 
verter 101 composed of a photodiode and a front 
end circuit for converting downstream optical sig- 
nals from central base station 20 into electrical 
signals, microwave-band amplifier 102 for am- 
plifying the output electrical signals from optical-to- 
electrical converter 101. frequency converter 103 
for converting the frequencies of amplified signals 
from microwave-band amplifier 102 such that the 
frequency of the signal destined for its own micro- 
cell in the amplified signals will be in the 800 MHz 
band, 800 MHz-bandpass filter 104 for passing 
only the signal destined for its own microcell, trans- 
mission amplifier 105 for amplifying an output sig- 
nal from 800 MHz-bandpass filter 104. antenna 110 
which transmits signals to and receives signals 
from the mobile unit 1. transmission/reception 
branching filter 106 for transmitting signals to and 
receiving signals from antenna 110, reception filter 
111 for filtering a signal received through 
transmission/reception branching filter 106. recep- 
tion amplifier 112 for amplifying an output signal 
from reception filter 111. frequency converter 113 
for converting the frequency in the 800 MHz band 
of an amplified output signal from reception am- 
plifier 112 to a predetermined frequency, and 
electrical-to- optical converter 114 for converting 
the frequency-converted signal from frequency 
converter 113 to an optical signal. 

Optical signal transmission lines 11. 12 are 
shared by radio base stations 2 to 5 for the trans- 
mission of both downstream and upstream signals 
between central base station 20 and radio base 
stations 2 to 5. Each of optical signal transmission 
lines 11, 12 comprises a single optical fiber cable. 
Optical signal transmission lines 11, 12 are asso- 
ciated at their transmission sides with separate 
optical couplers (not shown) and separate optical 
amplifiers 41, 42. Downstream signals are distrib- 
uted to radio base stations 2 to 5 by an optical 
coupler (not shown) which is associated with op- 



tical signal transmission line 11 near radio base 
stations 2 to 5. Optical signal transmission lines 1 1 . 
12. radio base stations 2 to 5. and central base 
station 20 are therefore connected in a star-shaped 

5 configuration so that all signals destined for the 
four microcelis can be transmitted to radio base 
stations 2 to 5. 

The communication process using the micro- 
cellular mobile radio communication system shown 

10 in FIQs. 1 and 2 will be described below. 

In central base station 20, downstream signals 
from exchange office 30 are converted to signals 
each in the 800 MHz band for each destination 
microcell by respective transmitters 201 to 204. 

75 Output signals from transmitters 201 to 204 are 
frequency-converted by respective frequency con- 
verters 211 to 214, respectively, using different 
frequencies f1 to f4, respectively, for each desfina- 
tion microcell. The frequency-converted signals 

20 from frequency converters 211 to 214 have bands 
of 200 MHz. 400 MHz. 600 MHz, and 1 GHz, 
respectively, for example. The frequency-converted 
signals are then converted to optical signals by 
electrical-to-optical transducers 221 to 224. The 

25 output optical signals from eiectncai-to-otpical tran- 
sducers 221 to 224 are then combined by the 
optical coupler into an optical signal which is then 
amplified by optical amplifier 41. The amplified 
optical signal is then transmitted through down- 

30 stream optical fiber transmission line 1 1 , and 
branched to the radio base stations 2 to 5 by the 
optical coupler. The transmitted optical signals in- 
clude all the signals destined for the four micro- 
cells. 

35 In each of radio base stations 2 to 5, the 

transmitted optical signals are converted back into 
electrical signals by optical-to-electrical converter 
101. The electrical signals are amplified by 
microwave-band amplifier 102. and then frequency- 

40 converted by frequency converter 103 so that the 
frequency of the signal destined for its own micro- 
cell is in the 800 MHz band using one of fre- 
quencies f1 to f4 which is assigned to its own 
microcell. The frequency-converted signals are 

45 then applied to 800 MHz-bandpass filter 104, which 
passes only the frequency-converted signal des- 
tined for its own microcell. The signal that has 
passed through 800 MHz-bandpass filter 104 is 
amplified by transmission amplifier 105, directed to 

50 antenna 110 by transmission/ reception branching 
filter 106. and then transmitted from antenna 110. 
Although the signals destined for the other micro- 
cells are also transmitted to each of radio base 
stations 2 to 5 from optical fiber transmission line 

55 11, they are substantially completely rejected by 
bandpass filter 104 since they have different fre- 
quency bands from the frequency band assigned 
to its own microcell. It has also been confirmed that 
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any signal distortion caused in each of radio base 
stations 2 to 5 by the signals destined for the other 
microcells Is negligibly small. 

An upstreann signal in the 800 MHz band, 
which has been transmitted from mobile unit 1 and 
received by antenna 110. is directed by 
transmission/reception branching filter 106 to pass 
through reception filter 111 and reception amplifier 
112. The upstream signal is then frequency-con- 
verted by frequency converter 113. The frequency- 
converted signal has a predetermined frequency so 
that it does not overlap the frequencies of signals 
from the other microcells which share upstream 
optical fiber transmission line 12. The frequency- 
converted signal is then converted by electrical-to- 
optical converter 114 to an optical signal, which is 
transmitted through upstream optical fiber trans- 
mission line 12 to central base station 20. Radio 
base stations 2 to 5 are identical in structure, as 
described above, except that their frequency con- 
verters 103, 113 convert input frequencies into 
different frequencies. 

As shown in FIG. 1, the upstream optical sig- 
nals of different frequencies from radio base sta- 
tions 2 to 5 are simultaneously transmitted, i.e., 
combined by the optical coupler and transmitted, 
through optical amplifier 42 pver optical fiber trans- 
mission line 12 to central base station 20. In central 
base station 20, the upstream optical signals are 
converted to electrical signals by opticai-to-elec- 
trical converter 230. At this time, the upstream 
optical signals from each of radio base stations 2 to 
5 have been transmitted in the different frequency 
bands, as described above. The electrical signals 
from optical-to-electrical converter 230 are then 
amplified by common amplifier 231, and demodu- 
lated by demodulators 241 to 244 corresponding to 
the frequencies assigned to each of radio base 
stations 2 to 5. The demodulated signals are then 
transmitted from central base station 20 to ex- 
change office 30. 

In the above embodiment, optical amplifiers 41 , 
42 are employed to compensate for any energy 
loss due to the combination and branching of the 
optical signals. As a result, the levels of the optical 
signals which are applied to optical-to-etectrical 
converters 101, 230 in central base station 20- and 
radio base stations 2 to 5 are high enough to 
achieve the desired signal-to-noise ratio. Any signal 
deterioration owing to the signal distortion resulting 
from the simultaneous reception of the signals from 
the other microcells is reduced to 3 dB or less, so 
that the overall microcell mobile radio communica- 
tion system can handle signals in a sufficiently 
wide dynamic range. 

In the illustrated embodiment, downstream sig- 
nals destined for the four radio base stations are 
transmitted through a single optical fiber transmis- 



sion line. However, any desired number of down- 
stream signals which can satisfy the required sys- 
tem performance can be transmitted through a 
single optical fiber transmission line, taking into 
5 account various factors such as the distance over 
which the signals are to be transmitted. While all 
the signals destined for the radio base stations are 
frequency-converted in the illustrated embodiment, 
one of the signals may be transmitted in the 800 

70 MHz band as is. 

In the illustrated embodiment, transmitters 201 
to 204 in central base station 30 are of an existing 
circuit arrangement for converting the frequencies 
of downstream signals from exchange office 30 to 

15 those in the 800 MHz band. If existing transmitters 
201 to 204 are not employed, then downstream 
signals from exchange office 30 may be applied 
directly to frequency converters 211 to 214. The 
frequency-converted signals from frequency con- 

20 verters 211 to 214 may be electrically combined 
into a combined electrical signal which may then 
be converted to an optical signal by a single 
electrical-to-optical converter, rather than being 
converted to optical signals by each of electrical-to- 

25 optical signals by each of electrical-to-optical con- 
veters 221 to 224 as in the illustrated embodiment. 
In central base station 20, the upstream signals are 
demodulated by demodulators 241 to 244, with 
their frequencies being the same as those of the 

30 optical upstream signals from radio base stations 2 
to 5. However, the frequencies of all the upstream 
signals may be converted into those in the 800 
MHz band in central base station 20 to allow de- 
modulators 241 to 244 to be of an existing circuit 

35 arrangement. 

Frequency converter 103 and bandpass filter 
104 may be switched around in position in each of 
radio base stations 2 to 5. In each of radio base 
stations 2 to 5, the upstream signals may be 

40 frequency-converted by frequency converter 113 
without being first filtered by reception filter 111, 
and may then be filtered in the frequency bands 
converted by frequency converter 1 1 3. 

Optical fiber transmission lines 11, 12 are 

45 shown as being shared by radio base stations 2 to 
5 in the star-shaped configuration. However, they 
may be shared in a ring-shaped or bus-shaped 
configuration. 

Although certain preferred embodiments of the 

50 present invention have been shown and described 
in detail, it should be understood that various 
changes and modifications may be made therein 
without departing from the scope of the appended 
claims. 

55 
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Claims 

1. A microcellular mobile radio communication 
system for radio communication with a plurality 
of mobile units, comprising: 

a plurality of radio base stations adapted 
to be allocated to separate microcells, each of 
said radio base stations comprising: 

an antenna for transmitting a radio signal 
to and receiving a radio signal from a mobile 
unit; 

first frequency converting means for con- 
verting the frequency of the radio signal re- 
ceived by said antenna into a predetermined 
frequency assigned to its own radio base sta- 
tion; 

electrical-to-optical converter means for 
converting the frequency-converted radio sig- 
nal to an optical signal, and for transmitting the 
optical signal as an upstream optical signal; 

optical-to-electrical converter means for 
converting downstream optical signals of dif- 
ferent frequency signals to electrical signals; 
and 

second frequency converting means tor 
converting the frequency of one of said elec- 
trical signals w^ich is destined for its own radio 
base station to a frequency assigned to the 
mobile unit, and for transmitting the frequency- 
converted signal to said antenna: 

a central base station comprising: 

optical-to-electrical converter means for 
converting the upstream optical signals from 
the electrical-to-optical converter means of 
said radio base stations to electrical signals; 

demodulating means for demodulating 
said electrical signals into signals to be trans- 
mitted to an exchange office; 

frequency converting means for frequency- 
converting signals from the exchange office to 
separate electrical signals having frequencies 
assigned to each of said radio base stations; 
and 

electrical-to-optical converter means for 
converting the frequency-converted electrical 
signals to separate optical signals, and for 
transmitting said optical signals as said down- 
stream optical signals to said opttcal-to-elec- 
trical converter means of said radio base sta- 
tions; and 

optical fiber transmission means connect- 
ed between and shared by said radio base 
stations and said central base station, for trans- 
mitting the upstream optical signals of different 
frequencies assigned to each of said radio 
base stations from said radio base stations to 
said central base station, and for transmitting 
the downstream optical signals of different fre- 



quencies assigned to each of said radio base 
stations from said central base station to said 
radio base stations. 

5 2. A microcellular mobile radio communication 
system according to claim 1, wherein the num- 
ber of said radio base stations is selected to 
satisfy the predetermined performance of said 
microcellular mobile radio communication sys- 

10 tem. 

3. A microcellular mobile radio communication 
system according to claim 1 or 2, wherein said 
frequencies, assigned to each of said radio 

75 base stations, of the electrical signals 

frequency-converted by said frequency con- 
verting means of said central base station are 
either different from or the same as the pre- 
determined frequencies converted by the first 

20 frequency converting means of each radio 

base station. 

4. A microcellular mobile radio communication 
system according to any one of claims 1 

25 through 3, wherein said electrlcal-to-optlcal 

converting means of said central base station 
comprises means for converting the electrical 
signals from said frequency converting means 
to separate optical signals and combining said 

30 optical signals into a combined optical signal 

for transmission as said downstream optical 
signals through said optical fiber transmission 
means. 

35 5. A microcellular mobile radio communication 
system according to' any one of claims 1 
through 3. wherein said electrical-to-optical 
converting means of said central base station 
comprises means for combining the electrical 

40 signals from said frequency converting means 

to a combined electrical signal and converting 
said combined electrical signal to an optical 
signal for transmission as said downstream 
optical signals through said optical fiber trans- 

45 mission means. 
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